Background--Patients with impaired liver function (ILF) were excluded from clinical trials that investigated non-vitamin K antagonist oral anticoagulants (NOACs) for stroke prevention in patients with atrial fibrillation. The aim of this study was to evaluate the efficacy and safety of NOACs in atrial fibrillation patients with ILF.
D ata on the safety and efficacy of anticoagulation therapy in atrial fibrillation (AF) patients with impaired liver function (ILF) are currently limited. 1 ILF is associated with increased bleeding risk and has been included in a bleeding risk scoring system for assessing the 1-year risk of major bleeding associated with warfarin therapy in patients with AF. [2] [3] [4] In addition, hepatitis-related chronic liver disease and cirrhosis are prevalent in Asia and are associated with higher risks of ischemic stroke, portal vein thrombosis, intracranial hemorrhage, and variceal bleeding. [5] [6] [7] [8] Non-vitamin K antagonist oral anticoagulant (NOAC) represents a major advance in stroke prevention for AF patients, offering at least equivalent efficacy and less bleeding compared with warfarin. [9] [10] [11] [12] Patients with ILF, however, were mostly excluded from major clinical trials of NOACs for stroke prevention in patients with nonvalvular AF. [9] [10] [11] [12] Consequently, there is no recommended treatment strategy for patients with ILF according to current AF management guidelines.
At present, it is unclear whether the efficacy and safety of NOAC therapy is comparable to warfarin therapy in patients with ILF. In particular, these patients are also affected by coagulopathy, with which high bleeding and thrombotic risks are anticipated. 3 A few recent studies reported comparable bleeding rates between NOAC and conventional anticoagulant therapies in patients with chronic liver disease or cirrhosis. [15] [16] [17] [18] However, given the small sample sizes of these studies and the few studies evaluating efficacy and safety concurrently, more data are needed to establish the efficacy and safety of NOAC therapy in patients with ILF. The objective of this study was to compare the efficacy and safety of NOAC and warfarin therapies for stroke prevention in AF patients with ILF.
Methods
The data that support the findings of this study are available from the corresponding author on reasonable request. In this retrospective cohort study, patient data were obtained from the Chang Gung Hospital System, which is currently the largest healthcare provider in Taiwan, comprising 3 major teaching hospitals and 4 tertiary care medical centers. The healthcare provider has >10 000 beds and admits 280 000 patients every year. 19 The hospital identification number of each patient was encrypted and deidentified to protect privacy; therefore, informed consent was waived for this study. The diagnoses and laboratory data could be linked and continuously monitored using consistent data encryption. The institutional review board of Chang Gung Memorial Hospital approved the study protocol. I48.2) were identified. Among these patients, 20 673 had at least 1 prescription filled for oral anticoagulation therapy after AF diagnosis. Anticoagulation therapy was defined as using warfarin or NOACs (dabigatran, rivaroxaban, apixaban, or edoxaban).The index date was defined as the first date of prescribing NOAC or warfarin. Patients were allowed to use warfarin before initiating treatment with NOACs. We enrolled patients with AF aged ≥65 years because Taiwan's National Health Institute only reimburses payments for NOAC prescriptions for these patients. Patients were excluded if they had experienced a stroke within 2 weeks before the index date (n=3943); had deep vein thrombosis or pulmonary embolism within 6 months before the index date (n=760); received joint or heart valve replacement within 6 months before the index date (n=579); had end-stage renal disease before the index date (n=1803); had in-hospital bleeding, stroke, systemic embolism, or death within 7 days after the index date (n=568); were aged <65 years (n=4356), or did not have a serum AST (aspartate aminotransferase), ALT (alanine aminotransferase), or total bilirubin test within the year before the index date (n=2213). Finally, 6451 patients were eligible for this study and were divided into 2 subgroups: patients with normal liver function (n=5818) and those with ILF (n=633). ILF was defined as serum AST or ALT >2-fold the upper limit of normal or total bilirubin >1.5-fold the upper limit of normal. 10, 11 The study design flowchart and patient enrollment are shown in Figure. The risks of stroke or systemic embolism (S/SE), major bleeding, gastrointestinal bleeding, and death were compared in patients receiving NOAC and warfarin therapies with normal liver function and ILF, respectively.
Study Cohort

Assessment of Other Covariates
Baseline comorbidities of the study cohort include hypertension, diabetes mellitus, chronic kidney disease, and past history of heart failure, myocardial infarction, transient ischemic attack, S/SE, and bleeding. Laboratory data include serum hemoglobin, estimated glomerular filtration rate, and lipid profiles. Baseline medications were defined from medical records within 180 days of initiating oral anticoagulants, including antiplatelets, NSAIDs, statins, amiodarone, and anticonvulsants.
Outcome Measures
The efficacy end point was the occurrence of S/SE. The safety end point was the occurrence of major bleeding or gastrointestinal bleeding. Major bleeding was defined as hospitalization with a primary diagnosis of bleeding and blood transfusion during the period of drug use or within 14 days after the last day of drug use. Gastrointestinal bleeding was defined as hospitalization with a primary diagnosis of bleeding
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• Non-vitamin K antagonist oral anticoagulants, compared with warfarin, are associated with significantly lower risk of death but no difference in stroke or systemic embolism, major bleeding, or gastrointestinal bleeding in patients with atrial fibrillation and impaired liver function.
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in any segment of the gastrointestinal tract, from the esophagus to the rectum during the drug-use period or within 14 days after the last day of drug use. The follow-up period was defined as being from the index date until the first occurrence of any study outcome or the end date of the study period (December 31, 2016), whichever came first. Patients who changed oral anticoagulants were censored 14 days following their switch in treatment. If an event or death occurred within 14 days following a switch, that event and time were ascribed to the initial therapy. The diagnostic codes used to identify the study outcomes and the baseline covariates are summarized in Table 1 .
Statistical Analysis
Data were presented as mean and standard deviation or median and interquartile range for continuous variables and as proportions for categorical variables. Differences between continuous values were assessed using an unpaired 2-tailed t test. Differences between nominal variables were compared by the v 2 test. We calculated crude incidence as the number of events divided by 100 person-years. Cox proportional hazards regression with time-dependent covariates was used to compare event rates between NOAC and warfarin therapies in patients with normal liver function and ILF, respectively. For comparing risks of S/SE, major bleeding, gastrointestinal bleeding, and death between NOAC and warfarin therapies, the analyses were adjusted for age, sex, hypertension, diabetes mellitus, chronic kidney disease, history of myocardial infarction, history of ischemic heart disease, history of systemic embolism, history of peripheral vascular disease, history of transient ischemic attack, history of stroke, history of heart failure, statins, amiodarone, anticonvulsants, NSAIDs, aspirin, clopidogrel, and ticagrelor. Because of the high mortality rate for AF patients with ILF, we reanalyzed the data using death as a competing risk factor for S/SE, major bleeding, and gastrointestinal bleeding. All analyses were conducted using SAS v9.4 (SAS Institute).
Results
Baseline Characteristics
Baseline characteristics of patients with or without ILF are shown in Table 2 . A total of 5818 patients had normal liver function, with a mean age of 76.6AE7.0 years, a mean CHA 2 DS 2 -VASc score of 4.1AE1.6, and a mean HAS-BLED score was 2.7AE0.9. In addition, 633 patients (9.8%) had ILF, with a mean age of 77.3AE6.9 years, a mean CHA 2 DS 2 -VASc score of 4.2AE1.7, and a mean HAS-BLED score of 3.2AE1.1. Patients with ILF were significantly older (P=0.014), had higher HAS-BLED scores (P<0.001), had a higher proportion of comorbidities, and had a higher proportion of amiodarone or antiplatelet use than patients with normal liver function; however, there was no significant difference in CHA 2 DS 2 -VASc score between the 2 groups (P=0.456). (Table 3) . We reanalyzed the data using 7 days as a censoring window for drug switches. The results were similar to the findings with 14 days as a censoring window for drug switches (Table S1 ).
Patients With ILF
Discussion
The main findings of this study are as follows: First, in patients with AF and normal liver function, use of NOAC has the distinct advantage of significantly reduced S/SE and death without a difference in major bleeding and gastrointestinal bleeding compared with warfarin use. Second, in patients with AF and ILF, use of NOAC has the distinct advantage of only significantly reduced death without a difference in S/SE, major bleeding, and gastrointestinal bleeding compared with warfarin use. ILF is considered a potentially modifiable bleeding risk factor in the 2016 European Society of Cardiology guidelines for the management of AF and is an important predictor of bleeding risk in HAS-BLED and HEMORR 2 HAGES scores. 4, 13, 20 The coagulation system in patients with ILF is perceived to be unstable compared with healthy individuals, who have both sufficient and properly functioning procoagulants and anticoagulants. Studies of coagulation factors in patients with cirrhosis have revealed decreased amounts and disturbed AF indicates atrial fibrillation; CI, confidence interval; GIB, gastrointestinal bleeding; HR, hazard ratio; ILF, impaired liver function; MB, major bleeding; NOAC, non-vitamin K antagonist oral anticoagulant; S/SE, stroke or systemic embolism. *Adjusted for age, sex, hypertension, diabetes mellitus, chronic kidney disease, history of myocardial infarction, history of ischemic heart disease, history of systemic embolism, history of peripheral vascular disease, history of transient ischemic attack, history of stroke, history of heart failure, statins, amiodarone, anticonvulsants, NSAIDs, aspirin, clopidogrel, and ticagrelor.
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Journal of the American Heart Association procoagulant and anticoagulant activity. 21, 22 The relative deficiency of both procoagulants and anticoagulants may cause increased thrombosis or bleeding depending on the prevailing circumstantial conditions. 23 Significant differences in NOAC efficacy and safety were observed between AF patients with normal liver function and those with ILF. Unlike renal impairment, there is no dose adjustment rule for NOACs in patients with ILF. 13, 14 The usual coagulation laboratory tests do not allow for measuring anticoagulant intensity for NOAC dose adjustment. Despite NOACs having major pharmacologic properties with advantages over warfarin, physicians often are still conservative when considering a NOAC as an appropriate replacement for warfarin in patients with ILF. Clinical data of NOACs in patients with ILF are scarce. Patients were largely excluded from randomized controlled trials of NOACs if baseline liver function was abnormal. Lung Blood Clots) trials excluded patients with AST or ALT levels greater than twice the upper limit of normal or total bilirubin levels >1.5-fold the upper limit of normal, 10, 11, 24, 26 which was used as the criteria for ILF in the present study. Because major trials of NOAC excluded patients with ILF, data comparing NOAC and warfarin therapies in patients with ILF are restricted to small cohort studies. [16] [17] [18] Three retrospective cohort studies compared the bleeding risk between NOAC and traditional anticoagulant therapies for thrombosis and stroke prevention in AF patients with cirrhosis or chronic liver disease. [16] [17] [18] No significant difference in all-cause bleeding was observed between traditional anticoagulants and NOACs during 3-year follow-up. [16] [17] [18] Decreased risk of major bleeding was found in the NOAC group in one of the studies. 16 The reason for the discrepancy between this study and ours may be that the enrollment of our study consisted of much older patients (mean age of 77 years versus 57-60 years in the previous study). In addition, the numbers of patients in the previous studies were small (N=37, N=49, and N=233). [16] [17] [18] In contrast, we reported the outcomes of oral anticoagulant therapy in a much larger cohort of patients with ILF (n=633).
Our results supported the notion that patients at high risk of bleeding with traditional anticoagulants also have an increased risk of bleeding with NOACs. Liver function tests are often neglected in NOAC users. In the present cohort, 25.5% of patients in whom oral anticoagulant treatment was initiated did not have liver function examined before therapy. This may cause patients to be in danger due to incomplete assessment of bleeding risk. To estimate the bleeding risk associated with anticoagulant therapy, it is necessary to evaluate serum hemoglobin, renal function, and liver function before initiation of anticoagulant therapy. 13, 14 For patients with high bleeding risk, such as elderly patients or patients with impaired liver or renal function, modifiable bleeding risk factors should be identified and causes corrected. Medications predisposing patients to bleeding such as antiplatelet drugs or NSAIDs should be avoided or balanced with the benefits of anticoagulant therapy. Patients consuming excess alcohol (≥8 drinks/wk) should receive alcohol cessation treatment. 13 In the present study, we confined our analysis to patients aged ≥65 years. Elderly patients often have more comorbidities and polypharmacy, which are associated with higher bleeding risk than those without. 28 
Study Strengths
The strengths of our study include a well-defined source for a large study population; available data on baseline hemoglobin, liver function, and renal function before the initiation of anticoagulant therapy; and direct comparison of NOAC and warfarin therapies between patients with normal and ILF. To our knowledge, this study is the largest to date to evaluate the use of NOACs versus warfarin in patients with ILF.
Study Limitations
This study had several limitations. First, miscoding and misclassification are potential biases in an established database that relies on physician-reported diagnoses. However, such miscoding and misclassification are highly unlikely to be different between patients with normal liver function and those with ILF. The favorable efficacy and safety profiles of NOACs versus warfarin in patients with normal liver function were comparable to the results of meta-analyses and real-world data. [32] [33] [34] Second, we did not analyze the quality of anticoagulation control as reflected by time in therapeutic range in the warfarin group, given the close relationship between the time in therapeutic range and thromboembolism or bleeding. Third, we did not evaluate the influence from degree of live function abnormality or prognostic scores for cirrhosis, such as the Child-Pugh score or the model for end-stage liver disease score. Fourth, although we adjusted the baseline differences between groups in multivariate regression analysis, other unmeasured confounders may still exist that could confound the results and conclusion. Finally, this study enrolled only Taiwanese patients; therefore, whether the results can be extrapolated to other populations remains unknown.
Conclusions
In AF patients with ILF, NOAC therapy was associated with lower risk of death compared with warfarin therapy, but no difference was observed in S/SE, major bleeding, or gastrointestinal bleeding. 
